Role of metabolism in K-induced tension changes in guinea pig taenia coli.
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I g65.-Further insight into the underlying mechanism(s) of the K-induced phasic and tonic contractions of the taenia coli of the guinea pig was obtained by examining the effects of various metabolic intermediates, inhibitors of metabolism and active transport, on these responses. Evidence is presented to support the thesis that the tonic response is dependent on the aerobic breakdown of carbohydrates and is abolished by substrate removal, a decrease of temperature, DNP, lithium, and ouabain. These same factors have little or no effect on the phasic response. From the evidence presented, it is concluded that the phasic response is a passive process, whereas the tonic contracture is an active one depending on metabolism and possibly linked to active Na transport.
smooth muscle tonic contracture phasic contracture Na-Ca pump metabolic inhibitors active transport inhibitors anoxia temperature U NDER NORMAL CONDITIONS high-potassium (K) solutions produce a tonic response in the guinea pig taenia coli. Under certain conditions, such as pretreatment with 2,4-dinitrophenol (DNP) (5) or removal of glucose from the medium (I I), high K induces a phasic response. Urakawa and Holland (I I) noted that both responses were calcium (Ca) dependent and were accompanied by an increased rate of Ca45 entry. In addition, a rise of tissue Ca was noted during the tonic contraction. They suggested that in the phasic response sufficient Ca was released from a cellular site to initiate contraction and then was rapidly rebound, whereas in the tonic response enough Ca crossed the membrane to maintain contraction. The transmembrane transport of Ca involved in the latter response appeared to be linked to metabolism. The suspending medium was continuously aerated with g5 % 02 and 5 % CO:! and maintained at a temperature of 37 C and pH 7.0. The strips were attached to the arm of a sensitive strain gauge and 0.6 g tension was applied.
Tension changes were measured with a Grass model 5 polygraph.
After a 45-min equilibration period a tonic response was produced by adding KC1 to the Tyrode solution to a final concentration of 40-60 mM. The phasic response was produced by incubating fresh strips in a glucose-free Tyrode solution for 45 min. At the end of that time, the preparations were repeatedly challenged with glucosefree, high-K medium for 2 min at IO-min intervals until only a phasic response was observed (I I ).
All drugs and metabolic intermediates (Na salts, unless stated otherwise)
were dissolved in the appropriate Tyrode solutions.
The metabolic intermediates were used in a final concentration of 5.5 mM. In a number of experiments the NaCl in Tyrode solution was replaced by an equivalent amount of LiCl.
RESULTS
Figure IA illustrates changes in tension following the addition of 40 mM KCl-Tyrode solution.
One notes a rapid rise of tension which is maintained (tonic contraction), and then decreased rapidly when the medium is replaced with normal Tyrode solution.
If preparations are incubated in a glucose-free solution and repeatedly A progressive decrease of the bath temperature from 37 to 4 C is accompanied by a gradual loss of the tonic response and is replaced by a less intense and more prolonged phasic contraction.
These studies are illustrated in Fig. 2 . The tension changes noted at 16 and 4 C are not modified by removing glucose from the medium.
Aerating the medium with g5 % N2 and 5 % CO2 30 min prior to the addition of KC1 abolishes the tonic contraction and reduces and prolongs the phasic response (Fig. 3) . Again the changes in tension noted after anoxia are not modified by removal of glucose from the medium. Figure 4 is a summary of studies in which the effects of DNP (I X IO-~ M) and ouabain (2 X IO-~ M) on the Kinduced phasic and tonic response in strips of guinea pig taenia coli are shown. In Fig. 4A, a tonic It was proposed that the phasic response resulted from a release of Ca from some cellular site by the process of K-induced depolarization.
On the other hand, it was thought that the tonic contraction resulted from a K-induced, metabolically dependent transmembrane transport of Ca.
In the present report further evidence is presented in favor of the thesis that the tonic response is dependent on the aerobic breakdown of carbohydrates. For example, it is abolished by substrate removal, a decrease of tempera- The observation that Li and ouabain abolish the tonic contraction, while having little or no effect on the phasic response, suggests clues as to the nature of the physicochemical events involved in the tension changes in the two responses. It is possible that the phasic response results from a release of tissue Ca by a passive influx of Na induced by K depolarization of the muscle fiber. The released Ca is rapidly rebound and relaxation ensues. It is known from the work of Keynes and Swan (9) that Li can replace Na in the passive depolarization process. On the other hand, the tonic response could be the result of a K-induced Na-Ca-linked transport process. It is known from a number of studies that many Na-dependent active transport mechanisms are inhibited by ouabain, and that Li cannot substitute for Na in these processes. Only the fall of creatine phosphate levels could be correlated with the decline in tension.
This latter finding suggests that phosphate metabolism might be the link between aerobic carbohydrate breakdown and the proposed transmembrane Ca transport mechanism alluded to above.
